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Lignin is defined as a random, amorphous three-dimensional polymeric network, which 
does not possess a uniform, homogenous, well defined structure with well established 
repeating units. Commercially available lignins are, most often, Kraft or lignosulfonates 
associated to the corresponding most commonly used industrial processes for wood 
delignification and fibres isolation (Kraft and sulphite, respectively). These lignins are 
largely used in dispersing and binding applications and a small part is employed in the 
production of specially chemicals like vanillin and dimethylsulfoxide (Gosselink et al., 
2004). Recently, sulphur-free lignins are becoming an emerging class of lignin 
products, partly motivated by environmental policies, but also, by less capital intensive 
associated technologies. They could be obtained from three main sources: (i) biomass 
conversion technologies – biorefineries; (ii) solvent pulping – organosolv processes; 
and (iii) soda pulping of alternative biomass resources, such as agricultural harvesting 
residues and non-wood fibre crops (Lora and Glasser, 2002). 
The utilization of lignin as a macromonomer in polyurethane synthesis often follows two 
global approaches: (i) the direct utilization of lignin without any preliminary chemical 
modification, alone or in combination with other polyols (Thring et al., 1997, Evtuguin et 
al., 1998, Cateto et al., 2008) or, (ii) by making hydroxyl functions more readily 
available by chemical modification, such as esterification and etherification reactions 
(Glasser, 1989, Gandini et al., 2002, Nadji et al., 2005). 
The four technical lignins used in this work represent three different pulping processes 
(Kraft, Soda and Organosolv) and different botanic origins, i.e., softwood, hardwood 
and non-wood lignin types. Indulin AT and Curan 27-11P (commercialized in the alkali 
form) are softwood lignins obtained by the Kraft pulping process and were supplied by 
MeadWestvaco and BorregaardLignoTech, respectively, whereas Sarkanda lignin was 
supplied by Granit SA. The latter is a non-wood lignin obtained from a soda pulping-
precipitation process, patented by Granit SA. Alcell lignin of Repap Enterprises Inc. is 
extracted from mixed hardwoods (maple, birch and poplar) by an organosolv process 
using aqueous ethanol. A summary of the performed characterization is shown in Table 
1. 
In the present work we have studied the two previously described global approaches. 
The first one involved the direct use lignin as a co-monomer in combination with a 
linear polycaprolactone (PCL). PCL was introduced into the formulation to provide 
flexibility and enable polymerization in bulk. The produced polyurethanes have 
properties that vary from very flexible to very hard materials depending on the amount 
of lignin effectively incorporated, and according to the molecular weight of the used 
PCL. For the formulations studied, the success of lignin incorporation by chemical 
reaction with the isocyanates (formation of urethane linkages) was noticeable. In the 
second approach lignin was oxypropylated and the ensuing polyols used for rigid 
polyurethane foams preparation, alone or in combination with other commercial 
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polyether-polyols. The produced foams have shown mechanical strength and 
conductivity similar, or even superior, to those of foams produced with commercial 
polyols alone. Examples of the produced materials are shown in Figure 1. 
 
Table 1. Properties of the technical lignins used in this work 
Lignin Sample 
Total OH
(mmol/g)
Phenolic OH
(mmol/g) 
COOH 
(mmol/g)
Ash content 
(%  w/w) 
Alcell 5.26 3.81 0.23 0.05 
Sarkanda 5.26 2.41 0.62 3.26 
Indulin AT 6.99 3.95 0.39 3.06 
Curan 27-11P 6.21 3.63 0.47 17.0 
 
Figure 1. Original lignin and examples of the produced materials. 
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